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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by 
the Chemical Standards Sectional Committee had been approved by the Chemical Division 
Council. 

The atomic absorption spectrophotometric method is based on the fact that metallic atoms present 
in ground state will absorb incident radiation from the source ( normally hollow cathode lamp) 
of the same wavelength they emit when excited. When radiation from the given excited element is 
passed through the flame containing ground state atoms of that element, the intensity of the 
transmitted radiation will decrease in proportion to the amount of the ground state atoms present 
in flame. A hollow cathode lamp with the cathode made of the element to be determined or a 
suitable electrode discharge lamp provides the radiation. The metal atoms to be measured are 
placed in the beam of radiation by aspirating the sample solution into the flame. A monochromator 
isolates the characteristic radiation from the hollow cathode lamp and photosensitive device measure 
the attcntuated transmitted radiation. The absorbance is taken as the measure of concentration of 
the analysed element. Various metallic elements including chromium may be precisely analysed by 
this technique. 

Various products where chromium estimation may be required include iron and steel, ferrous metals 
and ores, aluminium alloys, ferrous alloys, biological material, electroplating bath, water and 
effluents, etc. 

In reporting the result of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules 
for rounding off numerical values ( revised)'. 



IS 13319 : 1992 

Indian Standard 
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1 SCOPE 

The standard prescribes method for determination of 
chromium by atomic absorption spectrophotometry. 

2 REFERENCE 

The Indian Standards listed in Annex A are necessary 
adjuncts to this standard. 

3 OUTLINE OF THE METHOD 

The sample is brought into solution by suitable treat- 
ment with acid combination, diluted with distilled 
water, filtered, if necessary. Furtherdilutions are made 
depending on the concentration, for aspiration into the 
fuel rich air-acetylene or fuel rich nitrous oxide - 
acetylene flame. The most sensitive chromium line is 
357 9 nm. However, other lines can also be used for 
higher concentrations. 

4 QUALITY OF REAGENTS 

Unless specified otherwise, pure chemicals and dis- 
tilled water ( see IS 1070 : 1977) shall be used in tests. 

NOTE - 'Pure chemicals' shall mean chemicals that do not 
contain impurities which affect the results of analysis. 

5 INTERFERENCE 

5.1 Iron is the major interference in determination 
by atomic absorption spectrophotometry in air-acety- 
lene flame causing major reduction in the amount 
of absorption by chromium. This effect is minimized 
in samples of iron and steel and in low alloy steels 
by use of phosphoric acid and sulphuric acid mixture 
for dissolution. In low alloy steels use of a fairly high 
concentration of ammonium chloride also minimizes 
this effect. The reduction in absorption by chromium 
due to tungsten in low alloy steels is also minimized 
by phosphoric acid, sulphuric acid mixture. The use 
of effective releasing agents, such as 8-hydroxy 
quinoline, has also been reported for chromium deter- 
mination in presence of iron in air-acetylene flame. 
Chromium has been successfully determined with 
nitrous oxide acetylene flame calibrating with stan- 
dard steel instead of synthetic standards. The standards 
have to be taken through oxidation step along with 
samples using perchloric acid, which does not inter- 
fere with chromium absorption response. 

5.2 Interference due to copper, barium, aluminium, 
magnesium and calcium in air-acetylene flame is 
avoided by using nitrous oxide- acetylene flame. 



6 APPARATUS 

6.1 Atomic absorption spectrophotometer provided 
with background corrector and having the following 
parameters. 

6.1.1 Lamp Current — Depending on the lamp and 
instrument used. 

6.1.2 Fuel — Air-acetylene flame or nitrous oxide- 
acetylene flame. 

6.1.3 Flame Stoichiometry — Highly reducing. 

6.1.4 Wavelength and Working Range 



SI Wavelengt/i 
No. 

(nm) 


Slit 
(nm) 


Working 
Range 
(|ig/ml) 


Sensitivity 
(ng/ml) 


(1) (2) 


(3) 


(4) 


(5) 


i) 3579 
ii) 3594 
iii) 3605 
iv) 4254 

v) 4290 


02 
02 
02 
02 
02 


2-15 
4-20 
5-30 
7-40 
15-60 


005 
009 
010 
017 
035 


7 REAGENTS 









7.1 Metallic Chromium — 99 99 percent of potas- 
sium bichromate — AR Grade. 

7.2 Concentrated Sulphuric Acid 

7.3 Concentrated Nitric Acid 

7.4 Concentrated Phosphoric Acid 

7.5 Perchloric Acid — 60 percent. 

7.6 Concentrated Hydrochloric Acid 

7.7 Hydrofluoric Acid — 40 percent. 

7.8 Ammonium Chloride 

7.9 Diluted Hydrochloric Acid -1:1. 

7.10 Diluted Hydrochloric Acid -1:4. 

7.11 Methyl iso Butyl Ketone 

7.12 Iso Butyl Acetate 

7.13 Sodium Carbonate 

7.14 Hydrogen Peroxide 
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7.15 Sodium Peroxide 

7*16 Ammonium Carbonate 

8 SAMPLE PREPARATION 

8.1 Iron and Steel 

8.1.1 Iron and Steel Containing 0001 to 5 percent 
Chromium 

Transfer 1 g of sample into a 125 -ml Erlenmeyer flask. 
Add 30 ml of solution that contains 15 ml of concen- 
trated phosphoric acid and 15 ml of concentrated 
sulphuric acid in 100 ml. Heat gently to effect dissolu- 
tion and oxidize by dropwise addition of concentrated 
nitric acid (The solution of certrain classes of alloy 
steels may be assisted by the use of aquaregia). Evapo- 
rate to fumes and fume gently for 1 minute. Add 30 ml 
of water and digest for 5 minutes to ensure solution of 
all soluble salts. Filter, if necessary through a What- 
man No. 41 filter paper and transfer it to a 100-ml volu- 
metric flask. Rinse the beaker several times with 1 : 49 
sulphuric acid passing the washings through the filter 
paper. Cool to room temperature and dilute to volume 
and aspirate in the flame. 

8.1.2 Iron and Steel Containing 0002 to 25 percent 
Chromium 

Transfer 1 g of sample to a 250 ml beaker and add 3 ml 
of concentrated nitric acid and 12 ml of concentrated 
hydrochloric acid and cover with a watch glass. Heat 
gently on a hot plate to initiate reaction and then 
apply just enough heat to sustain it, when the reaction 
ceases, boil for 2 to 3 minutes. Allow the solution to 
cool and then transfer it to a 100-ml volumetric flask 
containing 2 g of ammonium chloride. If necessary 
filter through a Whatman No. 41 filter paper, wash 
with hot water, cool and dilute to volume. Make 
appropriate dilutions before aspirating in the flame. 

8.2 Ferrous Metals and Ores 

Digest 2 g of finely ground sample in a 25 ml of 
concentrated hydrochloric acid. Evaporate to dryness 
and redissolve in a minimum amount of 1 : 1 hydro- 
chloric acid. Filter off any insoluble material collect- 
ing the filtrate in a 50 or 100-ml beaker; wash the 
precipitate with a minimum amount of 1 : 4 hydrochlo- 
ric acid, combining the washings and the filtrate. Place 
the filtrate and washings on a hot plate to evaporate 
slowly to a paste. 

Redissolve the paste obtained from evaporation of the 
filtrate and washings in 20 ml of concentrated nitric 
acid. Cool and transfer the solution to a 100-ml 
separatory funnel with concentrated hydrochloric 
acid, the total volume shall be about 40 ml. Add 50 ml 
of iso-butyl acetate and shake for 30 seconds. Drain 
the aqueous layer into a second separatory funnel. 
Wash the organic layer with 5 ml of concentrated 
hydrochloric acid and add the wash to the second 
funnel. Repeat the procedure adding 30 ml of iso-butyl 
acetate to the second separatory funnel and the 5 ml of 
concentrated hydrochloric acid wash. Evaporate the 
aqueous layer and washings to dryness and redissolve 



in 5 ml of 1 : 1 nitric acid. Transfer this solution to the 
25 ml volumetric flask. 

Ignite the residue and the filter paper, in a platinum 
crucible, treat with 5 ml of concentrated hydrofluoric 
acid and 2 to 3 drops of concentrated sulphuric acid 
and again ignite. Fuse the resulting residue with 
sodium carbonate. Extract the melt with 5 to 10 ml of 
1 : 9 nitric acid and transfer to a 25-ml volumetric 
flask. 

8.3 Aluminium Alloys Containing 0*01 to 1 percent 
Chromium 

Transfer 1 g of sample in a 250-ml beaker. Add 20 ml 
of water and 22 ml of hydrochloric acid (1 : 1) in small 
increments. Cover with a watch glass and add 2 ml of 
hydrogen peroxide (30 percent) when reaction sub- 
sides and boil for 5 minues. Filter through a medium 
paper into a 100-ml volumetric flask, wash with hot 
water and preserve the filtrate. When the silicon con- 
tent is 05 percent or greater, transfer the filter paper 
and residue to a platinum crucible, dry and ignite at 
500°C, cool and add 5 ml of hydrofluoric acid and then 
add nitric acid dropwise until a clear solution is ob- 
tained. Evaporate to dryness, cool and dissolve the 
residue in 5 drops of hydrochloric acid (1 : 1) and a 
minimum amount of water. Add this solution to the 
preserved filtrate. Cool the combined solution, dilute 
to volume and mix. Make further dilutions, if neces- 
sary, before aspirating in the flame. 

8.4 Ferro Alloys 

Dissolve IgofsampleinlOmlof nitricacidand 10ml 
of water in a tetrafloro ethylene beaker. Cover with a 
polythene lid and heat to boiling. Add 40 percent 
hydrofluoric acid dropwise through a hole in the lid 
until the initial reaction has subsided. Make further 
addition of hydrofluoric acid until all the silicon has 
been removed, washing down the sides of the beaker 
with water. Evaporate to a volume of 5 ml and add 15 
ml of 60 percent perchloric acid. Heat to fumes and 
continue fuming for 20 minutes. Cool the mixture, add 
50 ml of water, warm to dissolve. Cool again and dilute 
to 100 ml in a volumetric flask. Make further dilutions, 
if necessary, before aspirating in the flame. 

NOTE - In case of ferro chromium, sodium peroxide fusion is 
necessary. 

8.5 Chromium Bearing Ores 

Accurately weigh 25 to 05 g of the (powdered and 
passed through 50 micron) sample into a 30 ml iron or 
nickel crucible containing 5 to 7 g of sodium peroxide. 
Mix the sample well with sodium peroxide using a 
clean iron rod. Brush any adhering matter from the rod 
into the crucible and cover the mixture with another 
1 g of peroxide. Cover the crucible and heat over a low 
flame until molten. Complete the fusion over a hot 
flame. (The fusion shall be continued until the melt is 
a clear cherry red colour with no particles of unat- 
tached sample). Cool the crucible place it in 400 ml 
beaker containing distilled water and cover immedi- 
ately with a watch glass. Wait for a few seconds after 
dissolving action ceases, then remove, thoroughly 
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rinse and polish the crucible. Add 6 to 10 glass beads 
and boil for 15 minutes to destroy excess peroxide and 
cool. Add sufficient quantity say 8 to 10 g of ammo- 
nium carbonate to neutralize most of the sodium 
hydroxide present. Filter and wash with dilute (1 : 4) 
sulphuric acid. If any insoluble residue remains, the 
fusion may be repeated and brought into solution as 
above. Neutralize the combined filtrate with hydro- 
chloric acid and dilute to a known volume. Make 
appropriate dilutions before aspirating in the flame. 

8.6 Biological Material 

8.6.1 Ashing Procedure 

Weigh accurately 2 Ogora suitable quantity of sample 
into a silica evaporating dish and transfer it to muffle 
furnace and heat it to 450 ± 20°C till ash completely. 
Cool and extract with minimum amount of concen- 
trated hydrochloric acid and then add 5 ml of concen- 
trated perchloric acid. Evaporate to the fumes of per- 
chloric acid. Extract with 10 ml of 25 percent hydro- 
chloric acid solution, boil and filter into a 100 ml 
volumetric flask. Wash the filter paper and the residue 
with 1 percent warm hydrochloric acid solution and 
make up the volume to the mark with water and mix 
well. The solution is aspirated into atomic absorption 
spectrometry instrument for measurement along with 
the standards and blank solution prepared in the same 
way except the ash material. 

8.6.2 Wet Procedure 

Take about 5 gor suitable quantity of the sample into 
a 100 ml Kjeldahl flask, add 10 ml of concentrated 
sulphuric acid and 5 ml of concentrated nitric acid. 
Allow the digestion to proceed slowly at first and then 
increase heat until sulphuric acid refluxes down the 
side of the flask. If necessary, add 1 ml of nitric acid for 
complete destruction of the organic matter. Cool, 
dilute carefully and make up the volume with water to 
100 ml. Mix well, aspirate in atomic absorption spec- 
trometry instrument for measurement along with the 



standards and blank solution prepared in the same way 
except the ash material. 

8.7 Solution from Electroplating Bath 

Make suitable dilutions of the bath solution and aspi- 
rate. 

8.8 Water and Effluents 

Suitable dilutions are required before feeding to flame. 
During each addition add 1 or 2 ml of hydrochloric 
acid. 



9 PROCEDURE 

Optimise the response of the instrument by adjusting 
burner height and flame. Aspirate deionized water to 
get zero absorption. When stable response is observed, 
carry out the calibration using at least 5 standards and 
note the absorbance. Prepare calibration curve by 
plotting the net absorption value of the standards 
against concentration (^g/ml) of chromium. Aspirate 
to get absorption of the sample. Locate the point of the 
sample absorption and calculate the concentration of 
chromium in the sample. 

NOTE - Run a reagent blank through the entire procedure, taking 
the difference in absorption between the sample and the blank as 
the absorption due to chromium. 

10 CALCULATION 

C x V 100 
10.1 Chromium, percent by mass - x 

^ J 10 6 M 

where 

C = concentration of chromium in \ig/m\ in 
final solution; 

V = volume in ml of final solution; and 

M = mass in g of the sample in final solu- 
tion. 



ANNEX A 
(Clause 2) 

LIST OF REFERRED INDIAN STANDARDS 



IS No. 



Title 



IS No. 



Title 



250 : 1964 



1070 : 1977 



Specification for potassium 
bichromate, technical and analytical 
grade (revised) 

Specification for water for general 
laboratory use (second revision ) 



1113 : 1965 Specification for ammonium 
chloride, technical and pure (re\>ised ) 

2023 : 1973 Specification for metallic chromium 
(first revision ) 

10332 : 1982 Specification for hydrofluoric acid, 
aqueous 
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products covered by an Indian Standard conveys the assurance that they have been produced 
to comply with the requirements of that standard under a well defined system of inspection, 
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producer. Standard marked products are also continuously checked by BIS for conformity 
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use of the Standard Mark may be granted to manufacturers or producers may be obtained 
from the Bureau of Indian Standards, 
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